Objective: The objective of this study was to estimate healthy life expectancies in eight low-and middle-income countries (LMICs), using two indicators: disability-free life expectancy (DFLE) and dependence-free life expectancy (DepFLE). Method: Using the Sullivan method, healthy life expectancy was calculated based on the prevalence of dependence and disability from the 10/66 cohort study, which included 16,990 people aged 65 or above in China, Cuba, Dominican Republic, India, Mexico, Peru, Puerto Rico, and Venezuela, and country-specific life tables from the World Population Prospects 2017. Results: DFLE and DepFLE declined with older age across all sites and were higher in women than men. Mexico reported the highest DFLE at age 65 for men (15.4, SE = 0.5) and women (16.5, SE = 0.4), whereas India had the lowest with (11.5, SE = 0.3) in men and women (11.7, SE = 0.4). Discussion: Healthy life expectancy based on disability and dependency can be a critical indicator for aging research and policy planning in LMICs.
During this century, the number of people aged 60 and above will have increased dramatically going from 600 million in year 2000 to over 3 billion by 2100. Although this increase will affect every continent, low-and middleincome countries (LMICs) will see a 238% increase in people aged 60 and above, compared with a relatively lower increase of 94% in high-income countries (United Nations, 2015) . The rapid growth of aging populations will lead to a rise in chronic illnesses, which are already the main contributors to disease burden in both high-and low-and middle-income countries (Global Burden of Disease Study 2013 Collaborators, 2015 . Another major issue associated with both aging and the rise in chronic illnesses is dependence, which has been described as "the need for frequent human help or care beyond that habitually required by a healthy adult" (Harwood, Sayer, & Hirschfeld, 2004) . Although some progress has been made in the generation of empirical data regarding the prevalence and risk factors of dependence Sousa et al., 2010) , more work is needed, as there is still limited information on its prevalence, particularly in LMICs.
The increase in life expectancy across the world should be celebrated as an achievement, but adding years to life becomes problematic if these years are "unhealthy," creating further pressure on public health systems and societies.
Healthy life expectancy (HLE) indicators have been created as a way to combine disease and mortality information, in order to monitor more effectively whether the years of life gained are spent in a good state of health or not. The majority of research so far has focused on disability-free life expectancy (DFLE), because of the wider availability of appropriate survey data recording this information. Although many studies have reported DFLE in individual LMICs (Brønnum-Hansen, Duraidi, Qalalwa, & Jeune, 2015; Eguez-Guevara & Andrade, 2015; Islam et al., 2017; Lau, Johnson, & Kamalanabhan, 2012; Luo et al., 2016; Moreno et al., 2018) or cross-country comparison (Payne, 2018) , few have comparable data across countries and estimated the prevalence of disability using a consistent study design and measurement methods. Previous studies using the World Health Organization Study on Global Aging and Adult Health (SAGE) and the Survey on Health, Well-Being, and Aging in Latin America and the Caribbean (SABE) have suggested variations in DFLE across older adults from various LMICs and highlighted gender differences, where women spent more time in disability than men (Chirinda & Chen, 2017; Minicuci et al., 2011) . Given the variety of social and economic development in LMICs, it is important to estimate DFLE from different countries, using comparable data, which could provide more comprehensive evidence.
An indicator that has not received quite as much attention is dependencefree life expectancy (DepFLE), which is somewhat related to "active life expectancy" (Laditka & Ladika, 2009) or severe disability-free life expectancy (Jagger et al., 2016) , and is based on care needs. Both dependency and disability are closely related, as disability is often the main cause of dependence, yet not everyone who is disabled has needs for care. Previous research using the 10/66 study data investigated factors contributing to dependence and disability in older age (Sousa et al., 2009; Sousa et al., 2010) . Dementia, stroke, limb impairment, and depression were identified to be key contributors to dependence and disability, but the prevalence of these chronic conditions and their population attributable fraction estimates varied across countries (Sousa et al., 2009; Sousa et al., 2010) .
DepFLE and DFLE are also likely to be connected, given the close relationship between disability and dependence, but arguably DepFLE could be a more intuitive indicator for policy makers. Few studies have tried to capture both indicators in a range of different low-and middle-income settings, by measuring both disability and dependence outcomes using the same standardized methodology.
The aim of this study is to calculate and report HLE in eight countries in Latin America and Asia in both men and women, by using two indicators: DFLE and DepFLE.
Method
To calculate healthy life expectancy, we used estimates of the prevalence of disability and dependence from the prevalence phase of the 10/66 Dementia Research Group (DRG) surveys. The 10/66 is a large cohort study, examining health, social, and biological characteristics of older adults living in 12 different sites across eight countries (China, Cuba, Dominical Republic, India, Mexico, Peru, Puerto Rico, and Venezuela; Prina et al., 2017; Prince et al., 2007) . Each site, which covered a specific catchment area, contributed between 1,000 and 3,000 participants to the study. The selection of catchment areas was based on accessibility and the networks between the local research groups and community stakeholders. All households were allocated identification numbers, and the interviewers visited all households in the catchment area to identify eligible participants aged 65 or above on a census date. Response rates were excellent across all centers, varying from 72% in urban India to 98% in rural India. The baseline phase was conducted between 2004 and 2006 in all sites apart from Puerto Rico (2007) (2008) (2009) (2010) . Each assessment was standardized and validated in each center, allowing for easy comparison of prevalence estimates.
The 10/66 cohort included 17,031 participants across all the sites. This study excluded 41 participants without complete information on age and gender (N = 16,990).
Disability and Dependence Measurements
Two separate approaches were taken to estimate the prevalence of disability in each site. Disability was assessed using the World Health Organization's Disability Assessment Scale (WHODAS II; Chisolm, Abrams, McArdle, Wilson, & Doyle, 2005) . This scale, which assesses 12 different activities (Supplementary Information S1), was specifically developed as a cross-cultural tool to assess levels of disability according to definitions of the International Classification of Functioning, Disability and Health (ICF; World Health Organization [WHO], 2001). Each item is coded with a scale ranging from 0 (no difficulty) to 4 (extreme difficulty). Standardized scores range from 0 to 100 and were dichotomized using the 90th percentile of the WHODAS II, which indicates the 10% most disabled among the study population (Sousa et al., 2009; Von Korff et al., 2008) . In addition to the 12 activities, WHODAS II also includes two single questions on how many days a person was totally unable (1 day) or partially unable (0.5 day) to carry out their usual activities or work because of any health condition in a month. Based on the sum of these two questions, severe disability was defined as having 15 days or more of disability in the previous month of the assessment. This method has been used by our group in several publications (Guerra et al., 2009; Prina et al., 2011) .
Dependence was assessed directly during the interview with a family member or key person/caregiver of the participant and was based on the interviewer's perception of needs for care. The informants were administered a series of openend questions and more detailed information is provided in Supplementary Information S2. The coding of severity of dependence was based on the "interval of need" (Sousa et al., 2010) , which is the length of time during which the person can subsist without human assistance. This interval was then defined by the 10/66 Dementia Research Group as those requiring no care (fully independent) and those needing care much of the time (at least daily) or some of the time (less often than daily). Participants were coded as dependent if they needed care some or much of the time. The percentage of missing data was low in both disability (5.6%) and dependence measures (2.2%).
Calculations of DFLE and DepFLE
We calculated DFLE and DepFLE for each site using the Sullivan's method (Sullivan, 1971) . This divides life expectancy into healthy (e.g., disability and/or dependence free) and unhealthy years (e.g., disabled and/or dependent), by applying the age-and sex-specific prevalence of the relevant health states to period life tables (EURO-REVES, 2001) . Life tables for the eight countries were obtained from the World Population Prospects 2017 (United Nations, 2017). To estimate the life tables which corresponded to year of the 10/66 investigation, data on two periods, 2000-2005 and 2005-2010 , were extracted and used to interpolate specific estimates for 2005.
DFLE and DepFLE were estimated by country, age group, and gender in a tabular and a graphic format. Approximate standard errors were calculated taking only the variance of the prevalence rates into account and ignoring the variance of the mortality rates. This approach was suggested by Newman and colleagues (Newman, 1988) . Finally, the proportion of remaining life spent free of disability/dependence was calculated by dividing the DFLE/DepFLE by the total life expectancy. We calculated DFLE based on days of disability per month as this definition seems to be more comparable across countries. We also conducted a sensitivity analysis using the 90th percentile of WHODAS II scores and estimated DFLE. The results are reported in Supplementary Information S3.
Ethics, Consent, and Permissions
The study protocol and the consent procedures, including the witnessed consent procedure, were approved by the King 
Results
Among the 16,990 participants, 62% were women and the proportion of five age groups were 30% in 65-69, 27% in 70-74, 20% in 75-79, 13% in 80-84% and 10% in 85+. The overall prevalence of disability and dependence was 15% and 10%, respectively. Table 1 reports the prevalence of people with disability Note. DFLE was calculated using "15 or more days of disability in the past month" as its indicator of disability. DFLE = disability-free life expectancy; M = men; F = women. and dependence across the different countries, stratified by age group and sex. The prevalence of disability and dependence increased with older age and the trends were consistent across countries. Women generally had higher prevalence of both disability and dependence, in particular in the oldest age group. Table 2 and Figure 1a , 1b report estimated DFLE and the proportion of remaining life spent in disability free. DFLE gradually declined with increasing age but in older age men overtook women in the number of years estimated to be spent free of disability. Among the eight countries, Mexico and Dominican Republic reported higher DFLE while lower estimates were found in India and Peru across all age. Mexico reported the highest DFLE at age 65 for both men (15.4, SE = 0.5) and women (16.5, SE = 0.4). The lowest was found in India with 11.5 years (SE = 0.3) in men and 11.7 (SE = 0.4) in women. Note. Disability was assessed using the "more than 15 disability days in the past month" criteria. Dependence was assessed by needing some or much care. DR = Dominical Republic; PR = Puerto Rico.
DFLE
The proportion of remaining life spent disability free (Table 2 and Figure 2a ) highlighted that even though women have longer life expectancies, they also tend to spend a longer period of time with disability. This pattern was seen across all countries and the difference increased in older age, apart from the India and Venezuela. Peru had the lowest proportion of remaining life spent disability free for both men (76%) and women (69%) at age 65 and China had the highest (92% and 89% for men and women respectively). In India, where we found the lowest DFLE in absolute terms, a relatively high proportion of remaining life spent disability free was found in men (88%) and women (83%).
Similar results were found when DFLE was calculated using the 90th percentile of WHODAS II scores but variation across countries was smaller ( Supplementary Information S3) . India still had the lowest DFLE than other sites.
DepFLE
Similar to DFLE, DepFLE also declined with increasing age across countries (Table 3 and Figure 1c, 1d) . Compared with men, women had longer DepFLE in younger age but this was reversed in older old. The longest DepFLE was found in Puerto Rico for women (17.1, SE = 0.4) and Cuba for men (15.7, SE = 0.3) with Mexico and Peru following closely. India had the lowest DepFLE for both men (12.3, SE = 0.2) and women (13.1, SE = 0.2).
Despite higher life expectancy, women spent a higher proportion of time with care needs and the gender difference increased with older age (Table 3 and Figure 2b ). Women in Venezuela (52%), Puerto Rico (54%), China (56%), and Dominican Republic (57%) had less than 60% dependence-free time while men still had 65% or above. Although India had the lowest DepFLE at age 65, it was estimated to have the highest proportion of life spent in dependence free in both men (95%) and women (92%) and these high estimates remained in the oldest age group. Peru, where the proportion of remaining life spent disability-free was the lowest in both men and women, ranked relatively high when looking at dependence-free at age 65. However, the proportion largely decreased with older age.
Discussion
This study investigated DFLE and DepFLE in adults aged 65 and above, across eight countries in Latin America and Asia. Although women had longer life expectancies, they also spent more time in a state of disability and dependence. DFLE and DepFLE decreased with increasing age across all countries. Estimates using year 2000 and year 2011 life tables were relatively comparable, and so were the estimates when disability was measured using the 90th percentile of WHODAS II scores.
Limitations
Although this is one of the largest studies measuring both DFLE and DepFLE across a large number of countries, some limitations have to be acknowledged.
Estimates in the latter age groups (85 and above) may not be as stable as the ones in younger age groups, because of increased attrition in our samples and consequent widening of our confidence intervals. Our samples, even though carefully selected to be as representative as possible of the general population, are unlikely to be as comprehensive as those from a nationally representative sample. Some LMICs such as China and India have large numbers of older people but the 10/66 study only included a small sample from specific areas in different country. Although the overall percentage of missing disability and dependence measures were low, some sites had relatively high numbers of missing data than others. Finally, we used life tables as close as possible to the year of the surveys, but this still meant an average 5-year gap between the year of the life tables (2011) and the one from our surveys (2003) (2004) (2005) (2006) . We do not expect the prevalence of disability and dependence to have gone up significantly in 5 years, but to explore this in more depth we also decided to present a sensitivity analysis using year 2000 life tables, effectively bracketing our data. Note. DepFLE is based on individuals needing some or much care. DepFLE = dependence-free life expectancy; M = men; F = women.
Contextualization
Most of the HLE indicators have mainly focused on DFLE, with little research done on DepFLE particularly in LMICs. This indicator, which is closely related to DFLE, is particularly relevant for policy purposes, as it directly links to care needs, which is ultimately associated with economic burden. A recent study using the Cognitive Function and Ageing Studies (CFAS), population-based cohorts of older adults in England, United Kingdom, has investigated levels of dependency based on the interval of care needs (Isaacs & Neville, 1976) and suggested increases in years lived with low (less than daily) and high (24-hr care) dependency over the last two decades (Kingston et al., 2017) . It was estimated that only 64% men and 47% women at age 65 lived independently in England (Kingston et al., 2017) . These estimated proportions of DepFLE seem to be much lower than our study but such differences might be attributed to variation in measurement methods of care needs.
We have previously shown that caregiving is associated with adverse economic impacts upon the household, manifesting primarily through larger health care costs and reduction in paid work for the caregiver to care Z. R. Liu et al., 2009; Uwakwe et al., 2009 ). An understanding of the economic and social implications of care dependence among some of these countries will become clearer once the results from the INDEP study are published (Mayston et al., 2014) .
Using the same sampling design, standardized measurement instruments and wording across all of our sites allow us to increase the comparability and reliability of our findings. Previous studies, such as the Survey of Health and Retirement in Europe (SHARE) (Jagger et al., 2011) have estimated health expectancies across countries but have mainly focused on high-income countries. The current state of evidence on healthy life expectancies in low-and middle-income countries is still relatively small and mainly focuses on DFLE. The results from our Latin American sites are comparable to those reported by Eguez-Guevara and colleagues who carried out a study on life expectancy in Ecuador using limitations in activities of daily living (ADL) as their measure of disability (Eguez-Guevara & Andrade, 2015) . DFLE at age 65 was estimated to be 13.6 years in men and 13.1 years in women, which are similar to the results we presented from bordering Peru. DFLE for year 2000 was also measured in the SABE study which was conducted in six sites in Latin America in Bridgetown, Sao Paulo, Santiago, Havana, Mexico City, and Montevideo (Minicuci et al., 2011) . DFLE Estimates for Bridgetown (Barbados) of 16.6 years in women and 14.9 in men at age 65 were very close to the ones we reported for Puerto Rico. The estimates for Havana (Cuba) were also relatively close in both studies, whereas the ones in Mexico City (Mexico) were lower in the SABE study compared with ours. This is probably due to the fact that the SABE study only sampled a major urban centre, compared with our two sites in Mexico, and also used 2000 estimates. The SAGE study, including nearly 35,000 older adults from in China, Russia, Ghana, Mexico, South Africa and India, has estimated DFLE at age 50 and three of these countries (China, Mexico and India) overlapped with our study. Despite differences in baseline age and disability measures, both SAGE and our study found that India had the shortest DFLE compared with other LMICs (Chirinda & Chen, 2017) .
HLE has also been previously calculated in China and India, even though studies from the Asian continents are scarcer. Using disability data from the 2001 census and life tables from the WHO, Lau and colleagues (2012) reported year 2010 DFLE in India for both men and women that were very similar to the ones we presented. Finally, a recent publication using data from the China Health and Retirement Longitudinal Study (CHARLS) reported life expectancy in China using several different states of health, including good perceived health, chronic diseases, active life, and severe impairment (Luo et al., 2016) , updating the previous estimates of J. Liu, Chen, Song, Chi, and Zheng (2009) . Some of the cross-country variations may be explained by the wide prevalence of chronic diseases across the various countries and their contribution to disability and dependence (Sousa et al., 2009; Sousa et al., 2010) .
Conclusion
This study presents new evidence on DFLE and DepFLE across a large number of low-and middle-income countries. This type of evidence is needed, especially in low-and middle-income countries, where the largest percentage of people living with severe disabilities lives (WHO, 2011) . Future research should also focus on understanding drivers and trajectories of healthy life expectancies, and our new study, LIFE2YEARS (Prina et al., 2017) , will provide a solid starting platform to explore drivers and trends. It is important that health expectancies are monitored over time to understand trends across regions. The WHO (2015) in their world report on aging & health urged that improving measurement and monitoring of healthy aging are key areas of action. We believe that dependency is a critical indicator, ideal for future research planning and for the assessment of large complex interventions.
